In this work, the influence of the emissivity of a solar collector on its thermal performance was studied, to evaluate the effect of radiative heat losses on-air preheating appliances. To do so, the equations that define the efficiency of the unglazed solar collector were programmed into a commercial software package (such as MATLAB®, where the emissivity of the collector surface was varied, to study its response when a radiation boundary condition is changed; to validate the obtained results, a comparison with the theoretical results was done to verify the prediction capacity of the programming code. As the results obtained through the code shared the same behavior of the theoretical ones (though a little deviation), it was verified the capabilities of the program to accurately predict the collector efficiency with a higher speed, and at the same time, it allowed to establish that the increase in the emissivity generates a reduction in the thermal efficiency of approximately 20%, which makes it an important factor to control through the design and construction of solar collectors.
Introduction
In recent years, the term "solar energy" has gained a lot of interest in some aspects of society, as the reduction on the fossil fuel reserves has generated the need to switch to a cleaner and at the same time cheap form of energy. In view of that, a series of studies have been developed to analyze the feasibility of the inclusion of solar energy on industrial processes, in two ways: the generation of electricity or direct current from light-sensitive materials, or the generation of heat in currently existent processes that require a secondary heat source [1] - [6] . From these second way to apply solar energy, the solar collectors are a widely used solution for systems that require to raise the temperature of a certain fluid before their usage. Though there are many variants of solar collectors, the most of them combine heat transfer by radiation and convection in order to capture as much energy as possible; therefore, their study implies the analysis of thermodynamics and heat transfer inside the process, in order to do optimization processes to evaluate new possible ways to improve the energetic efficiency of these devices [7] - [10] . From the two processes at the inside of a solar collector, the convection is the most studied of the two; however, in applications where the heat transfer between the media is done through electromagnetic waves (such the visible light and infrared), heat transfer by radiation must be taken into account to fully model the overall process and consider the undesired effects that reduce efficiency, such as the heat losses due to convection and the heat rejection due to its emissivity, into a realistic model of the behavior of the solar collect and by extension, into optimization processes [8] . In the present work, a method for the study of the influence of emissivity on the thermal efficiency of a collector, was established through the application of the software package MATLAB® as a faster alternative in the modelling of the behavior of the system, and therefore an easier method to predict variables of it, with the same accuracy level of the theoretical model, which will be useful when optimization processes are required, though these are out of the scope of the present work.
Methodology

Development of the study
The main purpose of the developed study, is to develop an alternative method for the study of the influence of radiation processes on the performance characteristics of solar collectors, in order to predict their behavior; to achieve this goal, a code program was developed using the software package MATLAB®, from the equations that regulate the thermal performance of these devices, to implement numeric methods on the solution of these equations, and also to automatize the calculation process as function of some parameters of the system, such as the Study of the influence of emissivity on the thermal performance 3657 physical dimensions of the collector and flow properties of the same. As a result, the code gives the desired output variables of the system, as a function of inlet velocity, using some tools built inside the same package. To verify its capabilities, the model obtained was used to evaluate a study case, where it was validated.
Fundamental Equations
For the study of unglazed solar collectors, the literature can offer some models that allow evaluating some parameters of solar collectors. Using these models, it can be concluded that the useful heat collected can be calculated by the expression
Where is the insolation period, the collector area, and the absorptivity of the surface, while the second term denotes the losses due to simultaneous radiation and convection from the surface. Neglecting the heat losses due to convection, the overall heat loss coefficient is given as
Being ℎ the absorber heat-exchanger effectiveness and ℎ denote a linearized radiative heat-transfer coefficient. From here, the heat-exchanger effectiveness for air flowing through the absorber plate is defined using the temperatures of the air that exits the collector ( ), the collector and ambient temperatures , , by the equation
Finally, the heat transfer coefficient used to quantify radiative losses to the sky and ground can be calculated as a function of collector emissivity through the equation
In this equation, and are the view factors between the collector and the sky and between the collector and the ground, which commonly take the value of 0.5.
Results and discussion
Below are the results of the main points of the present study:
Validation of the simulation
For validation purposes, Figure 1 shows the thermal efficiency calculated from the MATLAB® code, as a function of the air flow velocity, along with the predictions from the theoretical equations, for a square collector of 3 m with the parameters = 10°C, = −15°C, = , =700 W/m 2 , and an emissivity of 0.2. The results obtained by the code resembles closely the results given by the theoretical model, with a maximum error of around 1.6%, due mainly to the significative digit differences between the calculations done by the theoretical model (around 3-4 digits) and the MATLAB® results (usually around 20), which generates a slight offset from the theoretical results. However, even with these differences, it was verified than the programming code is able to predict the thermal performance of the solar collector, as function of its emissivity. 
Influence on the heat transfer
To study the influence of the emissivity on the heat transfer, the system response plot was obtained at two values of the said parameter: 0.2 and 0.9, maintaining constant the other parameters. As an intermediate result, the temperature difference between the ambient air and the collector output (which have a high relevance on the study of heat transfer) was plotted as a function of airflow velocity, as shown in Figure 2 . As it can be seen in the figure, in both cases this difference reduces as the flow velocity increases; however, the increase on the emissivity accelerates the heat transfer (as the coefficient is directly related to this value), which is evidenced by the reduction of the initial difference, that implies low heat loss in the system and therefore an increase in the net heat flow from the collector. Figure 2 . Plot of the temperature difference versus flow velocity.
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Influence on the collector efficiency
Regarding the collector efficiency, Figure 3 made evident that the increment of the emissivity generates a reduction of the efficiency even a higher velocities, as it increases the amount of heat rejected by the collector; as it is unable to be transferred to the control volume, this amount of energy moves to the surroundings, and is lost without participating in the process, which in turn, as deduced from (3), keeps the efficiency at lower values when compared to the case with low emissivity, with a difference of around 5-10% between the two evaluated cases, with an even greater variation at low velocities, where the heat losses due to natural convection are added to the rejected heat from the collector. 
Conclusions
As a conclusion of the study developed, it was verified the usefulness of simulation packages in the evaluation of the thermal performance of solar collectors and prediction of their behavior, with the same accuracy level of the theoretical models.
As an example of their application, the programming code developed allowed to predict the theoretical results with an offset of 1-2%, using less time than the usage of the analytical solution. Regarding the thermal performance of the solar collector, it was found that the emissivity has a high influence on radiation heat transfer and losses, which in turn affect the thermal performance of the collector. From this fact, it was found that even at high velocities, the emissivity reduces the efficiency of the process, allowing the heat to escape before entering the volume control; this phenomenon is greatly increased at low velocities, as the slow-moving flow gives more time for the heat to escape from the control volume. Therefore, emissivity is a parameter that has to be kept under control in order to achieve a higher efficiency in the use of solar collectors.
